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with each other, and also boron oxide 4 and raw material 2 ( ''inipuisoii ■t'lhc 

were brought into contact with each other when the raw ing iipr,n dilTcrence ii 

material was niched, , „ j ^^^^ 

Jhrs crucible 1 was inserted in a qiiarl/ ampoule 5 

together with solid arsenic. Quartz ampoule 5 was sealed ^ 

under reduced pressure using quart/ cap 6. — 

Respective conditioas ot example 4 are indicaietl in the i 

following Table 7. ~ 




B.o, waicf concentration '^00 vvt ppm 50 c used *■ '-'"'P'""'^*-'" '''i^ cafboo Concentration in a (>aA.s crystal 

piW crucible Inner diameter Ku nini ent.re icngiii -^0 mm between the present invention and ihe prif.r art is shown in 

Solid arsenic 1 g used " the tollowin l; Table ] 0. 



Ilie above-described quartz ampoule 5 was healed at ihe 
rate of approximately 200° C /liour by healer 8 using vertical 
furnace 50. 

During the process of heating, boron oxide 4 was softened 
and melted. Also, GaAs pol\ crystalline raw material 2 was :: 

At this time point, boron oxide 4 was present as a lilin 4u 
having a thicknc.s.s of less than 1 mm between pBN crucible 
1 and GaAs melt 2. The remainder of boron oxide 4 covered 
the upper surface of GaAs melt 2. The thickne.ss of the boron .^r, 
oxide layer 4b covering the upper surface of GaAs melt 2 
was approximately 6 mm. Carbon di.sk 43 had its boliuni 
surface in contact with raw raatenal melt 2, and its top 
surface exposed to the ambient. The side surface thereof was 
surrounded by boron oxide layer 4*. 35 

The condition mentioned above was kept for approxi- 
mately 6 hours. 

Then, heater 8 was moved upwards at the rate of 4 
mm.'hour, whereby solidification started from the portion of 
seed crystal 7. Thu.s, a single crystal was grown. The ''O 
characteristics of the obtained single crystal are shown in the 
following Table 8. 

TABLE S 




In a semi-insulating GaAs crystal, the resistivity is one of 
Ihe most imporlant characteristics. It is preferable that 5^ 
variation in resistivity is smaller Furthermore, since ihis 
resistivity value depends on Ihe carbon concentration in ihe 
GaAs crystal, variation in the carbon concentration in the 
crystal should be as small as possible, 

111 llie above -ilescribed examples where carbon filler or .1. 
bulk carbon was used as the solid carbon, the cadxm was 
doped substantially uniformly Irom the shoulder to the tail 
of the crystal. Ii is appreciated that carbon liber and bulk 
carbon are preferable as solid carbon sources. The shape of 
bulk carbon is not limited to the disk shape shown in (5 
Hxample 5, and any shape can be used. Also, bulk carbon is 
preferably a sintered compact of carbon powder. 
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Although the present invention has been described and 
illustrated in detail, it is clearly understood that the same is 
by wtiy of illustration and example only and is not to be 
taken by way of limitation, the spirit and scope ol the present 
invention being limited onh' by Ihe terms of the appended 

What IS claimed is: 

I. A method of preparing a carbon-doped group Ill-V 
compound .semiconductor crystal, comprising the steps of: 
placing a compound raw maleri:il, solid carbon, .ind a 

lioron oxide substance into a crucible or a boat, 
sealing .said crucible or-lioat containing said compound 

1 aw malerial, said solid carbon, and said boron ijxide 

sub.slance within an airtight vessel tormcd of a gas 

!mpcrmc:ible material, 
healing and melting said eoiiipound raw material 111 said 

crucible or said boat sealed within said airtight vessel, 

and 

solidifying said meltetl coinpouiui r;iw material to grow a 
carbon-doped compound semicondiicior crystak 

doped into said compound seiiiicoiKluclor eiystal. 
2. The melhod of preparing a caiboii-tloped group Ill-V 
compound seiiiiconduclor crystal .leenrilino to ckiiiii I, 
hirlhei comprising a slep of he:ilino and nieltini; saiil boron 
oxide sub.slance and having said mdled boioa oxide sub- 
stance in connicl with at least a porlion of said solid carbon, 
during .said step of heatinc and mellini; said compound r:iw 
nKUenaL ^ ^ ^^^^^ ^ " 
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wherein said gas impermeable materia! comprises a malerial 
sclccled from the group eonsisling uf quart/ and pBN. 

4 'I'hc method of prcparmg a carbon-doped group III-V 
compound semiconductor crystal according to claun , 
wherein said boron oxide substance comprises boron oxide : 
and water. 

5. The method of preparing a carbon-doped group lll-v 
compound semiconductor crystal according to claim 4, 
wherein said boron oxide substance contams 10-500 wt ppm 
of said water. 

6. The method of preparing a carbon-doped group UI-V 
compound semiconductor crystal according to claim 1, 
wherein said amount of said s(.)lid carbon placed ii 



r lliai 



said compound s 



14, The method of prepar 



vin-dopeti group Ill-V 



■e thar 



15, The r 

compound 
wherein sai 

16, The r 
compou lid 

I wherein sa 
diameter si 

17, The I 
compound 



"i-diiptd grou 



lethod of prepari 

I solid carbon comprises bulk carbon, 

ethod of preparing a carbon-doped group 111-' 

;emiconduclor crystal according lo claim i; 

d bulk carbon has a disk shape with a di? 
alkr than an inner diameter ol said .rucible. 



1, 



bulk carbo 



15, 



amount of carbon doped ii 

''7^.' The method of preparing a cadion-do,Kd group III-V 
compound semiconductor crystal according to claim 1, 
further comprising a step ol subjecting said solid carbon to 
a heat treatment under reduced pressure before placing said :i 
solid carbon into said crucible or said boat. 

8. The method of preparing a carbon-doped group IIl-V 
compound semiconductor cr\stal according to claim 7, 
comprising carrying out said heat treatment for 1 hour to 12 
hours at a temperature of 500° C -2000° C. under a pressure 2: 
of 1 Torr -1x10"- Torr. 

9. The method of preparing a carbon-doped group lll~v 
compound semiconductor crystal according lo claim 1, 
further comprising a step of maintaining said melted com- 
pound raw material in a melted stale for a certain lime period 
before said step of solidifying said melted raw materia! 10 
grow said crystal. 

10. The method of preparing a carbon-doped group lll-v 
compound semiconductor crystal according to claim 9, 
wherein said step of maintaining said melted compound raw .• 
material in a melted state is earned out for 3-72 hours 

U. The method of preparing a carbon-doped group lII-V 
compound semiconductor crystal according to claim 1, 
wherein said solid carbon comprises powder carbon. 

12. The method of preparing a carbon-doped group 111-V . 
compound semiconductor crystal according to claini 11, 
wherein said powder solid carbon has a grain si/.c ot not 
more than 100 /m. 

13. The method of preparing a carbon-doped group Ill-\ 
compound semiconductor crystal according to claim 1. 
wherein said solid carbon coinpriscs liber carbon. 



'"^18, A method of preparing a carbon-doped group 111-' 
■ompouiid seniieonduclor crystal ;iCcoriling to claim I 
vhercin said crucible or said boat comprises pBN. ^ 
19. The method of preparing a carbon-doped group III- 
.mpound semiconductor crystal according t 



wherein said compound 
wherein said compound 
GaAs crystal, 

20.1hc method of pre 
compound semiconducti 
further comprising having said 



erial comprises GaAs, ; 

iiconductor crystal comprise 



non-d(iped group 1 



ni lied 



with at least 



compound 1 



,v material, during said Mci^ o 
compound raw niatcnal. ^ ^^^^ 

compound semiconductor crystal according 
lurllitr comprising selecting a large; aiiioiinl 
lo be doped into said compound semiconduct 



said a 



solid c 



stal, a 



;saidt; 



crucible~^:ir said boat so as to responsively a....- 
amount of said carbon to be doped into said semiconductor 

'''' 22!'Thc method of preparing a carbon-doped group III-V 
compound semiconductor crystal according lo claim 1, 
carried out such that said carbon-doped compound .semicon- 
ductor crystal has a yarialion of carix.n concentration ol not 
more than S'..C5 bet^veen a lowest carl>on concentration and 
a highest carbon concentration, relative to said lowest car- 



W l »f carbon dopa nUnmaS^IfimiaEOt 
leyeL(rf<aE!mi2Efflliaa^^ 



providing , spacer r 



seed cr 



inrliiripdintlii^ i-targe is 
in an as er nwn ingot. 



i^^^l^MMTB^-^U^^^ 

an as grown in got 



a vertical fu rnace. 

r 1 • 1 99 wherein said nieltin^and_solidiii^^ 

conductedjnavert^^ 

r , • 9 1 n or 1 8 - 22 wliereinsaidjolidx^ 
34Jliemethodof^ 

gowderedjcarbon, 
said c 



semiconductor^on^^ 



a verticaUurnace^ 



r , • 9 10 or 18 - 77 whereinsaidsolidcar^^ 
37^ThemMhodof^ 

carbonfibers. 



c;pmicnnductor coijlBOMjld^ 
a vertical furnace. 
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